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ÐÅÇÞÌÅ

Ââåäåíèå. Ïðè òóøåíèè ãîðÿùèõ òâåðäûõ âåùåñòâ èñïîëüçîâàíèå âîäû èç-çà åå áîëüøîãî ðàñõîäà è íèçêîé

èçîëèðóþùåé ñïîñîáíîñòè âîäÿíûõ ïëåíîê ìàëîýôôåêòèâíî. Â ðåçóëüòàòå ïðèìåíåíèÿ âÿçêèõ ãèäðîãåëåé â

êà÷åñòâå îãíåòóøàùåé æèäêîñòè ñíèæàåòñÿ åå ðàñõîä è îáðàçóåòñÿ íà ãîðÿùåé ïîâåðõíîñòè ãèäðîãåëåâàÿ

ïëåíêà, èìåþùàÿ ïî ñðàâíåíèþ ñ âîäÿíîé áóëüøóþ òîëùèíó è ëó÷øóþ èçîëèðóþùóþ ñïîñîáíîñòü.

Öåëè è çàäà÷è. Öåëüþ ïðîâåäåííîãî èññëåäîâàíèÿ ÿâëÿëîñü ñðàâíåíèå ýôôåêòèâíîñòè ïðèìåíåíèÿ âîäû è

âÿçêèõ ãèäðîãåëåé â êà÷åñòâå îãíåòóøàùèõ æèäêîñòåé ïðè òóøåíèè òâåðäûõ âåùåñòâ. Ðåøàëèñü ñëåäóþùèå

çàäà÷è: îöåíêà âëèÿíèÿ êîíöåíòðàöèè ãåëåîáðàçóþùèõ äîáàâîê íà âÿçêîñòü è èñïàðåíèå ãèäðîãåëåé; îïðå-

äåëåíèå âëèÿíèÿ âÿçêîñòè îãíåòóøàùåé æèäêîñòè íà òîëùèíó ïëåíêè è ðàñõîä æèäêîñòè, ñòåêàþùåé ñ âåðòè-

êàëüíîé ñòåíêè; êîëè÷åñòâåííîå ñðàâíåíèå ýôôåêòèâíîñòè ïîæàðîòóøåíèÿ âîäû è ðàçëè÷íûõ ãèäðîãåëåé ïî

èõ ðàñõîäó è ïî òîëùèíå ïëåíêè.

Ìåòîäû. Ïðîâåäåí àíàëèç âëèÿíèÿ êîíöåíòðàöèè ãåëåîáðàçóþùèõ äîáàâîê íà âÿçêîñòü è èñïàðåíèå ãèäðî-

ãåëåé. Ïîëó÷åíî âûðàæåíèå äëÿ îïðåäåëåíèÿ âÿçêîñòè ãèäðîãåëÿ “Ôàåðñîðá” â çàâèñèìîñòè îò êîíöåíòðà-

öèè ïîëèìåðíîé äîáàâêè. Ïîëó÷åíû çàâèñèìîñòè ìàññû èñïàðèâøåãîñÿ ãèäðîãåëÿ “Ôàåðñîðá” îò âðåìåíè

ïðè ðàçëè÷íîé êîíöåíòðàöèè ïîëèìåðíîé äîáàâêè. Äàíà îöåíêà ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ãèäðîãåëåé

ïî èõ ðàñõîäó è ïî òîëùèíå ãèäðîãåëåâûõ ïëåíîê. Ïîëó÷åíà çàâèñèìîñòü òîëùèíû ïëåíêè îãíåòóøàùåé æèä-

êîñòè, ñòåêàþùåé ñ âåðòèêàëüíîé ñòåíêè, îò åå âÿçêîñòè è ïëîòíîñòè. Ïðåäëîæåí êîýôôèöèåíò ýôôåêòèâíîñòè

èñïîëüçîâàíèÿ ãèäðîãåëÿ, êîòîðûé õàðàêòåðèçóåò ýêîíîìè÷íîñòü ãèäðîãåëÿ ïî åãî ðàñõîäó è èçîëèðóþùóþ

ñïîñîáíîñòü ãèäðîãåëåâîé ïëåíêè ïî åå òîëùèíå. Ïðîâåäåí ðàñ÷åò ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ãèäðî-

ãåëåé ðàçëè÷íîé âÿçêîñòè ïî ñðàâíåíèþ ñ âîäîé.

Ðåçóëüòàòû è èõ îáñóæäåíèå. Èçìåíÿÿ êîíöåíòðàöèþ ãåëåîáðàçóþùåé äîáàâêè, ìîæíî âàðüèðîâàòü âÿç-

êîñòü è èñïàðÿåìîñòü ãèäðîãåëÿ. ×åì áîëüøå âÿçêîñòü ãèäðîãåëÿ, ñòåêàþùåãî ñ âåðòèêàëüíîé ñòåíêè, òåì

òîëùå ãèäðîãåëåâàÿ ïëåíêà è ìåíüøå åãî ðàñõîä. Ïî ñðàâíåíèþ ñ âîäîé ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ãèä-

ðîãåëåé â 2…4 ðàçà âûøå.

Âûâîäû. Ïîëó÷åííûå â õîäå èññëåäîâàíèÿ ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî ïðèìåíåíèå âÿçêèõ ãèäðî-

ãåëåé ýôôåêòèâíî ïðè òóøåíèè ãîðÿùèõ òâåðäûõ âåùåñòâ.
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ABSTRACT

Introduction. When extinguishing burning solids, the use of water due to its high consumption and low insulating

capacity of water films is ineffective. As a result of using viscous hydrogels as a fire extinguishing liquid, its consum-

ption is reduced and a hydrogel film is formed on the burning surface, which has a greater thickness and better in-

sulating ability compared to water.
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Aims and purposes. The aim of this study was to compare the effectiveness of using water and viscous hydrogels

as a fire extinguishing liquid in the extinguishing of solid substances. The following tasks were solved: assessment

of the impact of the concentration of gelling additives on the viscosity and evaporation of hydrogels; determination

of the effect of viscosity of the fire extinguishing liquid film thickness and flow rate of liquid flowing from a vertical

wall; a quantitative comparison of the effectiveness of fire suppression water, and various hydrogels according to

their flow rate and film thickness.

Methods. The influence of the concentration of gel-forming additives on the viscosity and evaporation of hydrogels

was analyzed. An expression is obtained for the viscosity of the “Firesorb” hydrogel depending on the concentra-

tion of the polymer additive. The dependences of the evaporated mass of the hydrogel “Firesorb” from time to time

at different concentrations of polymer additives. Evaluate the effectiveness of the use of hydrogels in their con-

sumption and the thickness of the hydrogel films. The dependence of the film thickness of the extinguishing liquid

flowing from the vertical wall on its viscosity and density is obtained. The coefficient of efficiency of hydrogel use

is proposed, which characterizes the efficiency of hydrogel by its consumption and the insulating ability of the hydro-

gel film by its thickness. The efficiency of using hydrogels of different viscosities in comparison with water is cal-

culated.

Results and discussion. By changing the concentration of the gel-forming additive, you can vary the viscosity and

evaporation of the hydrogel. The higher the viscosity of the hydrogel flowing from the vertical wall, the thicker the hydro-

gel film and less its consumption. Compared with water, the efficiency of using hydrogels is 2…4 times higher.

Conclusions. The results obtained during the study indicate that the use of viscous hydrogels is effective in ex-

tinguishing burning solids.

Keywords: fire extinguishing liquid; polymer additives; concentration; liquid viscosity; liquid evaporation; liquid

consumption; hydrogel film.
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Ââåäåíèå

Äëÿ ëèêâèäàöèè ïîæàðîâ êëàññà À, ò. å. äëÿ òóøåíèÿ

ãîðÿùèõ òâåðäûõ âåùåñòâ, ÷àùå âñåãî èñïîëüçóþò

âîäó, ÷òî îáóñëîâëåíî åå ñâîéñòâàìè (ïëîòíîñòü

1000 êã�ì3; äèíàìè÷åñêàÿ âÿçêîñòü 0,001 Ïà·ñ; óäåëü-

íàÿ òåïëîåìêîñòü 4200 Äæ�(êã·Ê); ïîâåðõíîñòíîå íà-

òÿæåíèå 0,072 Í�ì). Îñíîâíûì îãíåòóøàùèì ñâîé-

ñòâîì âîäû ÿâëÿåòñÿ ñïîñîáíîñòü îõëàæäàòü ãîðÿùèå

ìàòåðèàëû çà ñ÷åò ñâîåé âûñîêîé óäåëüíîé òåïëî-

åìêîñòè. Â òî æå âðåìÿ ïðèìåíåíèå âîäû äëÿ ëèê-

âèäàöèè âîçãîðàíèé òâåðäûõ ìàòåðèàëîâ èìååò ðÿä

ñóùåñòâåííûõ íåäîñòàòêîâ. Èç-çà íèçêîé âÿçêîñòè

âîäà íà ãîðÿùèõ ïîâåðõíîñòÿõ îáðàçóåò òîíêèå ïëåí-

êè, êîòîðûå î÷åíü ñëàáî èçîëèðóþò ïîâåðõíîñòü îò

âîçäåéñòâèÿ ïëàìåíè è îò äîñòóïà êèñëîðîäà èç îêðó-

æàþùåé ñðåäû. Âñëåäñòâèå âûñîêîãî ïîâåðõíîñò-

íîãî íàòÿæåíèÿ è íèçêîé âÿçêîñòè âîäû ïëåíêè áû-

ñòðî ñòåêàþò ñ íàêëîííûõ ïîâåðõíîñòåé, çà êîðîò-

êîå âðåìÿ ðàçðóøàþòñÿ è èñïàðÿþòñÿ. Îáû÷íî òîë-

ùèíà âîäÿíîé ïëåíêè ñîñòàâëÿåò � < 0,2 ìì [1, 2].

Ýòèìè íåäîñòàòêàìè îáóñëàâëèâàåòñÿ ñóùåñòâåí-

íî íèçêàÿ ýôôåêòèâíîñòü òóøåíèÿ ïîæàðîâ âîäîé.

Íåïîñðåäñòâåííî íà òóøåíèå ñàìîãî î÷àãà âîçãîðà-

íèÿ èñïîëüçóåòñÿ äî 10 % ðàñõîäóåìîé âîäû, îñ-

òàëüíûå 90 % òðàòÿòñÿ áåñïîëåçíî, ïîýòîìó äëÿ îùó-

òèìîãî âîçäåéñòâèÿ íà ïîæàð âûíóæäåííî óâåëè-

÷èâàþò åå ðàñõîä, ÷òî ïðèâîäèò ê ïîòåðå áîëüøîãî

îáúåìà âîäû. Â íåêîòîðûõ ñëó÷àÿõ óùåðá îò ïðî-

ëèòîé âîäû ïðåâûøàåò óùåðá îò ñàìîãî ïîæàðà,

ïîýòîìó ïðîáëåìà ïîâûøåíèÿ ýôôåêòèâíîñòè åå

èñïîëüçîâàíèÿ ïðè òóøåíèè ïîæàðîâ âåñüìà àêòó-

àëüíà [3–8].

Îñíîâíûì íàïðàâëåíèåì ïîâûøåíèÿ ýôôåêòèâ-

íîñòè èñïîëüçîâàíèÿ âîäû íà ïîæàðàõ ÿâëÿåòñÿ ïðè-

ìåíåíèå âÿçêèõ îãíåòóøàùèõ æèäêîñòåé. Âÿçêàÿ îã-

íåòóøàùàÿ æèäêîñòü ÷àùå âñåãî ïðåäñòàâëÿåò ñîáîé

ãèäðîãåëü — ñòðóêòóðèðîâàííóþ äèñïåðñíóþ ñèñ-

òåìó, ñîñòîÿùóþ èç âûñîêîìîëåêóëÿðíîãî êîìïîíåí-

òà, îáðàçóþùåãî äèñïåðñíóþ ôàçó, è íèçêîìîëåêó-

ëÿðíîãî êîìïîíåíòà, îáðàçóþùåãî äèñïåðñèîííóþ

ñðåäó. Â ãèäðîãåëå ÷àñòèöû äèñïåðñíîé ôàçû âçàèìî-

äåéñòâóþò äðóã ñ äðóãîì è ôîðìèðóþò ïðîñòðàíñò-

âåííóþ ìàêðîìîëåêóëÿðíóþ ñòðóêòóðíóþ ñåòêó (êàð-

êàñ), èç-çà íàëè÷èÿ êîòîðîé äèñïåðñèîííàÿ ñðåäà

(âîäà) ëèøàåòñÿ ïîäâèæíîñòè è ñîñðåäîòà÷èâàåòñÿ

â ÿ÷åéêàõ ñòðóêòóðíîé ñåòêè (ðèñ. 1). Èìåííî ýòèì

îáóñëàâëèâàåòñÿ ïîâûøåíèå âÿçêîñòè ãèäðîãåëÿ.

Äëÿ ïîëó÷åíèÿ ãèäðîãåëåé èñïîëüçóþò ðàçëè÷-

íûå ïî ñâîåìó ñîñòàâó íåîðãàíè÷åñêèå è îðãàíè÷å-

Ðèñ. 1. Îáðàçîâàíèå ãèäðîãåëÿ

Fig. 1. The formation of hydrogel



ñêèå äîáàâêè, êîòîðûå ïðè âçàèìîäåéñòâèè ñ âîäîé

íàáóõàþò (ñòåïåíü íàáóõàíèÿ ìîæåò äîõîäèòü äî

600 %) è ôîðìèðóþò ñòðóêòóðíóþ ñåòêó ãèäðîãåëÿ.

Ãèäðîãåëè ñïîñîáíû ïîãëîùàòü è óäåðæèâàòü çíà-

÷èòåëüíîå êîëè÷åñòâî âîäû — äî 2 êã íà 1 ã ñóõîé

äîáàâêè. Îáëàäàÿ âûñîêîé âÿçêîñòüþ, îíè îáðàçóþò

òîëñòóþ ïëåíêó, ïîêðûâàþùóþ ãîðÿùèå ïîâåðõíî-

ñòè è òåì ñàìûì èçîëèðóþùóþ èõ îò èñòî÷íèêà íà-

ãðåâà è îò äîñòóïà êèñëîðîäà (ðèñ. 2) [9–14].

Ýôôåêòèâíîñòü îãíåòóøàùåé æèäêîñòè ÷àùå

âñåãî îöåíèâàþò ïî êîëè÷åñòâåííûì ïîêàçàòåëÿì

— ðàñõîäó, èíòåíñèâíîñòè ïîäà÷è èëè âðåìåíè, íå-

îáõîäèìîìó äëÿ òóøåíèÿ ìîäåëüíîãî î÷àãà ïîæàðà.

×åì ìåíüøå êîëè÷åñòâåííûå ïîêàçàòåëè äëÿ êîíê-

ðåòíîé îãíåòóøàùåé æèäêîñòè, òåì âûøå åå ýôôåê-

òèâíîñòü ïîæàðîòóøåíèÿ.

Öåëüþ ïðîâåäåííîãî èññëåäîâàíèÿ ÿâëÿëîñü ñðàâ-

íåíèå ýôôåêòèâíîñòè ïðèìåíåíèÿ âîäû è âÿçêèõ

ãèäðîãåëåé â êà÷åñòâå îãíåòóøàùèõ æèäêîñòåé ïðè

òóøåíèè òâåðäûõ âåùåñòâ.

Äëÿ äîñòèæåíèÿ öåëè èññëåäîâàíèÿ áûëè ñôîð-

ìóëèðîâàíû ñëåäóþùèå çàäà÷è:

1) îöåíêà âëèÿíèÿ êîíöåíòðàöèè ãåëåîáðàçó-

þùèõ äîáàâîê íà âÿçêîñòü è èñïàðåíèå ãèäðîãåëåé;

2) îïðåäåëåíèå âëèÿíèÿ âÿçêîñòè îãíåòóøàùåé

æèäêîñòè íà òîëùèíó ïëåíêè è ðàñõîä ýòîé æèäêî-

ñòè, ñòåêàþùåé ñ âåðòèêàëüíîé ñòåíêè;

3) êîëè÷åñòâåííîå ñðàâíåíèå ýôôåêòèâíîñòè ïî-

æàðîòóøåíèÿ âîäû è ðàçëè÷íûõ ãèäðîãåëåé ïî èõ

ðàñõîäó è ïî òîëùèíå ïëåíêè.

Ñâîéñòâà èñïîëüçóåìûõ

ïðè ïîæàðîòóøåíèè ãèäðîãåëåé

Âÿçêîñòü ãèäðîãåëåé. Â öåëÿõ óìåíüøåíèÿ ðàñ-

õîäà âîäû ïðè ïîæàðîòóøåíèè ñ ïîìîùüþ ãèäðîãå-

ëåé áûëè îïðîáîâàíû ðàçëè÷íûå ãåëåîáðàçóþùèå

äîáàâêè. Ðàññìîòðèì õîðîøî ïîêàçàâøèå ñåáÿ ãåëå-

îáðàçóþùèå äîáàâêè è âëèÿíèå èõ êîíöåíòðàöèè íà

âÿçêîñòü ãèäðîãåëåé [15–18].

Äëÿ ïîâûøåíèÿ âÿçêîñòè âîäû èñïîëüçóþò íå-

îðãàíè÷åñêèå äîáàâêè, â ÷àñòíîñòè áåíòîíèò — ïðè-

ðîäíûé ãëèíèñòûé ìèíåðàë, ãèäðîàëþìîñèëèêàò,

îáëàäàþùèé ñâîéñòâîì íàáóõàòü ïðè ãèäðàòàöèè â

14–16 ðàç. Â ðåçóëüòàòå ãèäðàòàöèè, ò. å. ïðè ïðèñî-

åäèíåíèè ìîëåêóëàìè áåíòîíèòà ìîëåêóë âîäû,

ôîðìèðóåòñÿ âÿçêèé ãèäðîãåëü. Âÿçêîñòü ãèäðîãåëÿ

ñèëüíî çàâèñèò îò êîíöåíòðàöèè áåíòîíèòà ñä, êîòî-

ðûé îáðàçóåò ñòðóêòóðíóþ ñåòêó, óäåðæèâàþùóþ ìî-

ëåêóëû âîäû (òàáë. 1) [19].

Ïåðñïåêòèâíî äëÿ ôîðìèðîâàíèÿ ãèäðîãåëåé

ïðèìåíÿòü ïîëèìåðíûå äîáàâêè, íàïðèìåð ïîëè-

àêðèëàìèäû. Ïîëèìåðíàÿ äîáàâêà ìãíîâåííî íàáó-

õàåò, äîñòèãàÿ ñâîåé ïîëíîé ñîðáöèîííîé ñïîñîá-

íîñòè. Ïðîöåññ ôîðìèðîâàíèÿ ãèäðîãåëÿ äëèòñÿ â

òå÷åíèå íåñêîëüêèõ ñåêóíä. Ðåêîìåíäóåìàÿ êîí-

öåíòðàöèÿ øèðîêî ïðèìåíÿåìîé ïîëèìåðíîé äî-

áàâêè “Ôàåðñîðá” ñîñòàâëÿåò ñï = 1,0…2,5 %. Ïî-

ëèìåðíàÿ äîáàâêà “Ôàåðñîðá” ïðåäñòàâëÿåò ñîáîé

äèñïåðñíûé ðàñòâîð ïîëèàêðèëàòà íàòðèÿ ñî ñòàáè-

ëèçèðóþùèìè äîáàâêàìè. Ãèäðîãåëü ïðè êîíöåíò-

ðàöèè ïîëèìåðíîé äîáàâêè “Ôàåðñîðá” ñï = 1 %

èìååò ñëåäóþùèå ïîêàçàòåëè (ïðè 20 °Ñ): � =

= 140·10–6 ì2�ñ; � = 1100 êã�ì3; ïîâåðõíîñòíîå íà-

òÿæåíèå 33,4 ìÍ�ì (ðèñ. 3) [20].
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Ðèñ. 2. Ïîâåðõíîñòü ñòåêàþùåé ãèäãîãåëåâîé ïëåíêè

Fig. 2. Surface of the flowing hydrogel film

Êîíöåíòðàöèÿ
áåíòîíèòà ñä,

%

Concentration
of bentonite

ñadd , %

Ïëîòíîñòü

�, êã�ì3

Density �,

kg�m3

Äèíàìè÷åñêàÿ

âÿçêîñòü  ,
Ïà·ñ

Dynamic

viscosity  , Pa·s

Êèíåìàòè÷åñêàÿ

âÿçêîñòü �,

ì2�ñ

Kinematic

viscosity �, m2�s

5 1010 0,0103 10,197·10–6

8 1025 0,0186 18,135·10–6

10 1042 0,0273 26,207·10–6

15 1075 0,4427 411,73·10–6

Òàáëèöà 1. Çàâèñèìîñòü âÿçêîñòè è ïëîòíîñòè ãèäðîãåëÿ îò

êîíöåíòðàöèè áåíòîíèòà [19]

Table 1. Dependence of hydrogel viscosity and density on bento-

nite concentration [19]

Ðèñ. 3. Çàâèñèìîñòü äèíàìè÷åñêîé âÿçêîñòè ãèäðîãåëÿ  îò

êîíöåíòðàöèè ïîëèìåðíîé äîáàâêè “Ôàåðñîðá” ñï [20]

Fig. 3. Dependence of the dynamic viscosity of the hydrogel  
the concentration of polymer additives “Firesorb” ñp [20]
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Çàâèñèìîñòü äèíàìè÷åñêîé âÿçêîñòè ãèäðîãåëÿ

 îò êîíöåíòðàöèè ïîëèìåðíîé äîáàâêè “Ôàåðñîðá”

ñï (ñì. ðèñ. 1) îïèñûâàåòñÿ ïîëèíîìèàëüíûì óðàâ-

íåíèåì ðåãðåññèè:

 � � � �0 0017 0 0174 0 06095 4 3, , ,c ñ ñï ï ï

� � �0 0716 0 0675 0 042, , , .ñ ñï ï (1)

Àíàëèç âûðàæåíèÿ (1) ïîêàçûâàåò, ÷òî âÿçêîñòü

ãèäðîãåëÿ ïðè êîíöåíòðàöèè ïîëèìåðíîé äîáàâêè

“Ôàåðñîðá” ñï < 1,0 % îñòàåòñÿ íèçêîé, ïîýòîìó ãèä-

ðîãåëü ìîæåò ïðîíèêàòü â ïîðû è ïóñòîòû ãîðÿùåé

ïîâåðõíîñòè. Ïðè ïîâûøåíèè êîíöåíòðàöèè ïîëè-

ìåðíîé äîáàâêè “Ôàåðñîðá” äî 2,0 % âÿçêîñòü ãèä-

ðîãåëÿ óâåëè÷èâàåòñÿ, ñíèæàåòñÿ åãî òåêó÷åñòü è

òîëùèíà ãèäðîãåëåâîé ïëåíêè íà ãîðÿùåé ïîâåðõ-

íîñòè ðàñòåò. Ïðè êîíöåíòðàöèè ïîëèìåðíîé äî-

áàâêè “Ôàåðñîðá” ñï > 2,0 % ãèäðîãåëü ñòàíîâèòñÿ

âåñüìà âÿçêèì, òîëùèíà ãèäðîãåëåâîé ïëåíêè — çíà-

÷èòåëüíîé, è îíà ìîæåò èñïîëüçîâàòüñÿ äëÿ äîëãî-

âðåìåííîé çàùèòû êîíñòðóêòèâíûõ ýëåìåíòîâ îò

âîçäåéñòâèÿ âûñîêèõ òåìïåðàòóð.

Èñïàðÿåìîñòü ãèäðîãåëåé. Âÿçêèé ãèäðîãåëü ñî-

çäàåò òîëñòóþ çàùèòíóþ ïëåíêó íà ïîâåðõíîñòè

ãîðÿùèõ òâåðäûõ ìàòåðèàëîâ. Ãèäðîãåëåâàÿ ïëåíêà

ñîñòîèò íà 95–99 % èç âîäû è ïîýòîìó èìååò âûñî-

êóþ îõëàæäàþùóþ ñïîñîáíîñòü. ×åì áîëüøå êîí-

öåíòðàöèÿ ïîëèìåðíîé äîáàâêè “Ôàåðñîðá” â ãèä-

ðîãåëå, òåì â ìåíüøåé ñòåïåíè îí èñïàðÿåòñÿ ïðè

âûñîêèõ òåìïåðàòóðàõ (ðèñ. 4) [20, 21]. Çàâèñèìîñòü

ìàññû èñïàðèâøåéñÿ æèäêîñòè mè.æ (ã) îò âðåìåíè

ïðè òåìïåðàòóðå 150 °Ñ îïèñûâàåòñÿ ïîëèíîìèàëü-

íûì óðàâíåíèåì ðåãðåññèè:
� äëÿ âîäû:

mè.æ = 1·10–5 �3 – 0,0059�2 + 1,3094� – 4,038; (2)

� äëÿ ãèäðîãåëÿ ñ ñîäåðæàíèåì ïîëèìåðíîé äîáàâ-

êè “Ôàåðñîðá” ñï = 1 %:

mè.æ = 8·10–6 �3 – 0,0041�2 + 1,0649� – 3,4436; (3)

� äëÿ ãèäðîãåëÿ ñ ñîäåðæàíèåì ïîëèìåðíîé äîáàâ-

êè “Ôàåðñîðá” ñï = 3 %:

mè.æ = 7·10–6 �3 – 0,0032�2 + 0,841� – 3,1625, (4)

ãäå � — âðåìÿ, ìèí.

Àíàëèç âûðàæåíèé (2)–(4) ïîêàçûâàåò, ÷òî ñ óâå-

ëè÷åíèåì êîíöåíòðàöèè ïîëèìåðíîé äîáàâêè èñïà-

ðåíèå æèäêîñòè ñ ïîâåðõíîñòè ãèäðîãåëÿ óìåíüøà-

åòñÿ. ×åì âûøå ñîäåðæàíèå ïîëèìåðíîé äîáàâêè â

ãèäðîãåëå, òåì áîëüøå âðåìåíè òðåáóåòñÿ íà åãî èñ-

ïàðåíèå.

Èñïàðåíèå ãèäðîãåëÿ ïðîèñõîäèò ñ ïîâåðõíîñòè,

îáðàùåííîé ê îãíþ. Òîëùèíà ãèäðîãåëåâîé ïëåíêè

ìîæåò äîñòèãàòü íåñêîëüêèõ ìèëëèìåòðîâ, ÷òî çíà-

÷èòåëüíî áîëüøå ïî ñðàâíåíèþ ñ âîäÿíîé ïëåíêîé,

ïîýòîìó èçîëèðóþùàÿ ñïîñîáíîñòü ãèäðîãåëåâîé

ïëåíêè íà ïîâåðõíîñòè ãîðÿùèõ òâåðäûõ ìàòåðèà-

ëîâ áóäåò â íåñêîëüêî ðàç âûøå. Ïîâåðõíîñòíûå ñëîè

ãèäðîãåëåâîé ïëåíêè, áëèçêî ðàñïîëîæåííûå ê îãíþ,

íàãðåâàþòñÿ äî 100 °Ñ, à íèæåëåæàùèå ñëîè èìåþò

òåìïåðàòóðó íèæå 100 °Ñ. Â ñâÿçè ñ ýòèì â ãèäðîãå-

ëåâîé ïëåíêå ïî åå òîëùèíå âîçíèêàåò ñóùåñòâåí-

íûé òåìïåðàòóðíûé ãðàäèåíò, ÷òî ñâèäåòåëüñòâóåò

î âûñîêîé çàùèòíîé ñïîñîáíîñòè ãèäðîãåëÿ. Ïîâû-

øåíèå òåìïåðàòóðû çàùèùàåìîé ïîâåðõíîñòè ïðî-

èñõîäèò òîëüêî òîãäà, êîãäà áóëüøàÿ ÷àñòü ãèäðîãå-

ëåâîé ïëåíêè èñïàðèòñÿ, åå òîëùèíà óìåíüøèòñÿ è

òåìïåðàòóðíûé ãðàäèåíò ñòàíåò íåçíà÷èòåëüíûì.

Òàêèì îáðàçîì, êîíöåíòðàöèÿ ãåëåîáðàçóþùåé

äîáàâêè ñóùåñòâåííî âëèÿåò íà åãî âÿçêîñòü, îò êî-

òîðîé â ñâîþ î÷åðåäü çàâèñèò òîëùèíà ãèäðîãåëåâîé

ïëåíêè íà ãîðÿùåé ïîâåðõíîñòè. ×åì âûøå âÿçêîñòü

ãèäðîãåëÿ, òåì äîëüøå îí èñïàðÿåòñÿ ïðè âîçäåé-

ñòâèè âûñîêîé òåìïåðàòóðû è òåì âûøå èçîëèðó-

þùàÿ ñïîñîáíîñòü ãèäðîãåëåâîé ïëåíêè.

Îöåíêà ýôôåêòèâíîñòè èñïîëüçîâàíèÿ

ãèäðîãåëåé ïî èõ ðàñõîäó è ïî òîëùèíå

ãèäðîãåëåâûõ ïëåíîê

Â çàâèñèìîñòè îò óñëîâèé ïðèìåíåíèÿ ðàñõîä

âîäû ïðè òóøåíèè ïîæàðîâ êëàññà À ïî ñðàâíåíèþ

ñ ãèäðîãåëåì áîëüøå â 1,5–10,0 ðàç. Òîëùèíà ãèäðî-

ãåëåâîé ïëåíêè, ôîðìèðóþùåéñÿ íà ãîðÿùèõ ïî-

âåðõíîñòÿõ, â íåñêîëüêî ðàç áîëüøå òîëùèíû âîäÿ-

íîé ïëåíêè. Ó÷èòûâàÿ òàêîé áîëüøîé ðàçáðîñ ïî ðàñ-

Ðèñ. 4. Çàâèñèìîñòü ìàññû èñïàðèâøåéñÿ æèäêîñòè mè. æ îò

âðåìåíè � ïðè òåìïåðàòóðå 150 °Ñ ïðè îäèíàêîâîì îáúåìå

æèäêîñòè è ïëîùàäè ïîâåðõíîñòè èñïàðåíèÿ: � — âîäà;

�— ãèäðîãåëü ñ êîíöåíòðàöèåé ïîëèìåðíîé äîáàâêè “Ôàåð-

ñîðá” ñï = 1 %;�— òî æå, ñï = 3 %

Fig. 4. Dependence of the mass of evaporated liquid mev.l from

time � at a temperature of 150 °C, for the same liquid volume and

surface area evaporation: � — water; �— hydrogel with

the concentration of polymer additives “ Firesorb” ñp = 1 %;

�— the same, ñp = 3 %
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õîäó âîäû è ãèäðîãåëÿ, à òàêæå ïî òîëùèíå âîäÿíîé

è ãèäðîãåëåâîé ïëåíîê, êîëè÷åñòâåííî îöåíèì âëè-

ÿíèå êîíöåíòðàöèè ðàçëè÷íûõ ãåëåîáðàçóþùèõ äî-

áàâîê íà ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ãèäðîãåëåé

ïî ñðàâíåíèþ ñ âîäîé [22].

Îöåíèì ðàñõîä ãèäðîãåëÿ ïðè åãî ëàìèíàðíîì

ñòåêàíèè ñ âåðòèêàëüíîé ñòåíêè â âèäå ïëåíêè øè-

ðèíîé b (ðèñ. 5). Ïðè ëàìèíàðíîì ðåæèìå òå÷åíèÿ

÷àñòèöû æèäêîñòè ïåðåìåùàþòñÿ òîëüêî âäîëü îñè z.

Â ðåçóëüòàòå ñîâìåñòíîãî ðåøåíèÿ óðàâíåíèÿ

Íàâüå – Ñòîêñà äëÿ îäíîìåðíîãî óñòàíîâèâøåãîñÿ

ïîòîêà (âäîëü îñè z) ñ óðàâíåíèåì íåðàçðûâíîñòè

ïîòîêà ïîëó÷èì âûðàæåíèÿ äëÿ îïðåäåëåíèÿ ñêîðî-

ñòè òå÷åíèÿ ãèäðîãåëåâîé ïëåíêè [23, 24]:

V y
g y

z ( ) ,� �
	



��

�



��

� �
 �

2 2

22
1 (5)

ãäå Vz(y) — ñêîðîñòü ãèäðîãåëåâîé ïëåíêè íà ðàñ-

ñòîÿíèè ó îò åå ñâîáîäíîé ïîâåðõíîñòè, ì�ñ;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì�ñ2;

g = 9,81 ì�ñ2;

y — êîîðäèíàòà îñè, íàïðàâëåííàÿ â ñòîðîíó óìåíü-

øåíèÿ ñêîðîñòè, ïåðïåíäèêóëÿðíî ñòåíêå, ì.

Èç âûðàæåíèÿ (5) âèäíî, ÷òî ñêîðîñòü ïî ñå÷å-

íèþ ñâîáîäíîé ãèäðîãåëåâîé ïëåíêè èçìåíÿåòñÿ ïî

ïàðàáîëå, ìàêñèìàëüíàÿ ñêîðîñòü òå÷åíèÿ äîñòèãà-

åòñÿ ó ñâîáîäíîé ïîâåðõíîñòè ïëåíêè.

Ñðåäíþþ ñêîðîñòü ãèäðîãåëåâîé ïëåíêè ìîæíî

íàéòè èç âûðàæåíèÿ [23, 24]:

V
g

z ñð �
� �
 

2

3
, (6)

ãäå Vz ñð — ñðåäíÿÿ ñêîðîñòü ãèäðîãåëåâîé ïëåíêè,

ñòåêàþùåé ñ âåðòèêàëüíîé ñòåíêè, ì�ñ.

Îáúåìíûé ðàñõîä ñòåêàþùåé ïî âåðòèêàëüíîé

ñòåíêå ãèäðîãåëåâîé ïëåíêè Q (ì3�ñ) ìîæíî îïðå-

äåëèòü èç âûðàæåíèÿ [23, 24]:

Q = Vz ñð b �, (7)

ãäå b — øèðèíà ñòåêàþùåé ïî âåðòèêàëüíîé ñòåíêå

ãèäðîãåëåâîé ïëåíêè, ì.

Òîëùèíó ñòåêàþùåé ñ âåðòèêàëüíîé ñòåíêè ãèä-

ðîãåëåâîé ïëåíêè ìîæíî îïðåäåëèòü èç âûðàæåíèÿ

(5) ñ ó÷åòîì (7) [23, 24]:

�
 

�
� 	


�

�


�

3
1 3

Q

b g
. (8)

Ðàñõîä ãèäðîãåëÿ, ïîäàâàåìîãî íà âåðòèêàëüíóþ

ñòåíêó ÷åðåç îòâåðñòèå ïîæàðíîãî ñòâîëà äèàìåòðîì

dîòâ (ì) ìîæíî ðàññ÷èòàòü èç âûðàæåíèÿ [23, 24]:

Q d
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�

�
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�
( , ) ,

,

0 25
22

0 5

îòâ (9)

ãäå p — äàâëåíèå ïîäà÷è ãèäðîãåëÿ, Ïà;

� — êîýôôèöèåíò ðàñõîäà.

Ïðèìåì äîïóùåíèå, ÷òî îáúåìíûé ðàñõîä ñòåêà-

þùåé ïî âåðòèêàëüíîé ñòåíêå ãèäðîãåëåâîé ïëåíêè

ðàâåí ðàñõîäó ãèäðîãåëÿ, ïîäàâàåìîãî íà âåðòèêàëü-

íóþ ñòåíêó ÷åðåç îòâåðñòèå äèàìåòðîì dîòâ.

Òîãäà ïî âûðàæåíèþ (8) ñ ó÷åòîì (9) ìîæíî ðàñ-

ñ÷èòàòü òîëùèíó ñòåêàþùåé ñ âåðòèêàëüíîé ñòåíêè

ãèäðîãåëåâîé ïëåíêè:
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(10)

Ïðè êîëè÷åñòâåííîé îöåíêå ýôôåêòèâíîñòè èñ-

ïîëüçîâàíèÿ ãèäðîãåëÿ ïðèìåì çà áàçîâîå çíà÷åíèå

òîëùèíó ñòåêàþùåé âîäÿíîé ïëåíêè �â (ì) è îáúåì-

íûé ðàñõîä âîäû Qâ (ì3�ñ). Ñðàâíèì ñ áàçîâûìè

çíà÷åíèÿìè äëÿ âîäû îáúåìíûé ðàñõîä ãèäðîãåëÿ è

òîëùèíó ãèäðîãåëåâîé ïëåíêè â îäèíàêîâûõ óñëî-

âèÿõ. ×åì ìåíüøå îáúåìíûé ðàñõîä ãèäðîãåëÿ Q

ïî îòíîøåíèþ ê îáúåìíîìó ðàñõîäó âîäû Qâ è ÷åì

áîëüøå òîëùèíà ãèäðîãåëåâîé ïëåíêè � ïî îòíîøå-

íèþ ê òîëùèíå âîäÿíîé ïëåíêè �â, òåì âûøå ýôôåê-

òèâíîñòü èñïîëüçîâàíèÿ ãèäðîãåëÿ.

Äëÿ êîëè÷åñòâåííîé îöåíêè ýôôåêòèâíîñòè èñ-

ïîëüçîâàíèÿ ãèäðîãåëÿ ïðåäëîæåí êîýôôèöèåíò Kýô:

K
Q

Q
ýô

â

â

�
�
�

. (11)

Ðèñ. 5. Ðàñïðåäåëåíèå ñêîðîñòåé ïî òîëùèíå ãèäðîãåëåâîé

ïëåíêè: 1 — âåðòèêàëüíàÿ ñòåíêà; 2 — ñâîáîäíàÿ ïîâåðõ-

íîñòü ñòåêàþùåé ãèäðîãåëåâîé ïëåíêè; 3 — ïðîôèëü ñêîðî-

ñòåé ïî òîëùèíå ãèäðîãåëåâîé ïëåíêè; � — òîëùèíà ãèäðî-

ãåëåâîé ïëåíêè; Vz — ñêîðîñòü ãèäðîãåëåâîé ïëåíêè âäîëü

îñè z; y — îñü, íàïðàâëåííàÿ â ñòîðîíó óìåíüøåíèÿ ñêîðî-

ñòè, ïåðïåíäèêóëÿðíî ñòåíêå; z — îñü, íàïðàâëåííàÿ â ñòî-

ðîíó ñòåêàíèÿ ãèäðîãåëåâîé ïëåíêè

Fig. 5. Distribution of velocities along the thickness of the hydro-

gel film: 1 — vertical wall; 2 — free surface of the flowing hydro-

gel film; 3 — velocity profile along the thickness of the hydrogel

film; �— thickness of the hydrogel film; Vz — speed of the hydro-

gel film along the z axis; y — axis directed towards the decrease

in speed, perpendicular to the wall; z — axis directed
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Êîýôôèöèåíò ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ãèä-

ðîãåëÿ Kýô îäíîâðåìåííî õàðàêòåðèçóåò åãî ýêîíî-

ìè÷íîñòü ïî ðàñõîäó è èçîëèðóþùóþ ñïîñîáíîñòü

ãèäðîãåëåâîé ïëåíêè ïî åå òîëùèíå.

Äëÿ îöåíêè ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ãèä-

ðîãåëÿ ïî åãî ðàñõîäó è ïî òîëùèíå ãèäðîãåëåâûõ

ïëåíîê èñïîëüçóþòñÿ ñëåäóþùèå âûðàæåíèÿ: äëÿ

îïðåäåëåíèÿ òîëùèíû ïëåíêè — (10); äëÿ îïðåäå-

ëåíèÿ ñðåäíåé ñêîðîñòè òå÷åíèÿ è îáúåìíîãî ðàñõî-

äà íà âåðòèêàëüíîé ñòåíêå — (6) è (7); äëÿ ðàñ÷åòà

êîýôôèöèåíòà ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ãèäðî-

ãåëÿ — (11). Ïðè ðàñ÷åòå ïðèìåì, ÷òî ïîäà÷ó âîäû

èëè ãèäðîãåëÿ îñóùåñòâëÿþò èç ïîæàðíîãî ðó÷íîãî

ñòâîëà ÐÑ-70, èìåþùåãî ñëåäóþùèå õàðàêòåðèñòè-

êè: äàâëåíèå ïîäà÷è æèäêîñòè ð = 0,5 ÌÏà; äèàìåòð

îòâåðñòèÿ ïîäà÷è æèäêîñòè dîòâ = 0,019 ì; êîýôôè-

öèåíò ðàñõîäà � = 0,9. Ïðèìåì äîïóùåíèå, ÷òî íà

âåðòèêàëüíîé ñòåíêå ôîðìèðóåòñÿ ïëåíêà æèäêîñòè

øèðèíîé b = 1 ì.

Êîëè÷åñòâåííî îöåíèì ýôôåêòèâíîñòü èñïîëü-

çîâàíèÿ ãèäðîãåëåé ñ êîíöåíòðàöèåé ïîëèìåðíîé

äîáàâêè “Ôàåðñîðá” ñï = 1 % è ñï = 2 %, à òàêæå ñ

êîíöåíòðàöèåé áåíòîíèòà ñä = 5 % (òàáë. 2).

Àíàëèç ðåçóëüòàòîâ ðàñ÷åòà (ñì. òàáë. 2) ïîêàçàë,

÷òî ñ ðîñòîì êîíöåíòðàöèè ãåëåîáðàçóþùåé äîáàâ-

êè ñï ñêîðîñòü ñòåêàíèÿ ãèäðîãåëåâîé ïëåíêè ïî

âåðòèêàëüíîé ñòåíêå çíà÷èòåëüíî óìåíüøàåòñÿ, ïðè

ýòîì ñóùåñòâåííî âîçðàñòàåò åå òîëùèíà, ïîýòîìó

îáúåìíûé ðàñõîä ãèäðîãåëÿ îñòàåòñÿ ïðèìåðíî îäè-

íàêîâûì. Êîýôôèöèåíò Kýô óâåëè÷èâàåòñÿ ïðè ðîñ-

òå òîëùèíû ãèäðîãåëåâîé ïëåíêè è ïðè ñíèæåíèè

ñêîðîñòè åå ñòåêàíèÿ ñ âåðòèêàëüíîé ñòåíêè. Ðàñ÷åòû

ïîêàçàëè, ÷òî ýôôåêòèâíîñòü èñïîëüçîâàíèÿ âÿçêèõ

ãèäðîãåëåé ïî ñðàâíåíèþ ñ âîäîé â íåñêîëüêî ðàç

áîëüøå: äëÿ ãèäðîãåëåé Kýô = 2,0…4,2, à äëÿ âîäû

Kýô = 1,0. Ïðè òóøåíèè ïîæàðîâ êëàññà À ýôôåê-

òèâíîñòü ïîæàðîòóøåíèÿ íèçêîâÿçêèìè ãèäðîãåëÿ-

ìè è âîäîé ïðèìåðíî îäèíàêîâà.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðè ëèêâèäàöèè ïîæàðîâ êëàññà À òðàäèöèîííî

èñïîëüçóåòñÿ âîäà, íî åå ýôôåêòèâíîñòü êàê îãíåòó-

øàùåé æèäêîñòè ìàëà, ïîñêîëüêó íà òóøåíèå çàòðà-

÷èâàåòñÿ áîëüøîé îáúåì âîäû, ÷òî îáóñëîâëåíî åå

íèçêîé âÿçêîñòüþ. Ïåðñïåêòèâíûì íàïðàâëåíèåì â

ïîâûøåíèè ýôôåêòèâíîñòè èñïîëüçîâàíèÿ âîäû ïðè

òóøåíèè ãîðÿùèõ òâåðäûõ âåùåñòâ ÿâëÿåòñÿ ïðèìå-

íåíèå ãèäðîãåëåé, ñîäåðæàùèõ 95–99 % âîäû. Ãèä-

ðîãåëè ïîëó÷àþò ââåäåíèåì â âîäó ãåëåîáðàçóþùèõ

äîáàâîê, êîòîðûå ïðè âçàèìîäåéñòâèè ñ íåé íà-

áóõàþò è ôîðìèðóþò ñòðóêòóðèðîâàííóþ ñèñòåìó

ñ ïðîñòðàíñòâåííîé ñòðóêòóðíîé ñåòêîé, óäåðæèâà-

þùåé âîäó. Êðîìå òîãî, îáðàçóþùèåñÿ íà ãîðÿùèõ

ïîâåðõíîñòÿõ ãèäðîãåëåâûå ïëåíêè èìåþò áîëüøóþ

òîëùèíó è íàäåæíî çàùèùàþò èõ îò èñòî÷íèêà íà-

ãðåâà è äîñòóïà êèñëîðîäà.

Îáîáùåíû ýêñïåðèìåíòàëüíûå äàííûå ïî âëèÿ-

íèþ êîíöåíòðàöèè ãåëåîáðàçóþùèõ äîáàâîê íà ñâîé-

ñòâà ãèäðîãåëåé. Ïîëó÷åíà ýìïèðè÷åñêàÿ çàâèñèìîñòü

âÿçêîñòè ãèäðîãåëÿ îò êîíöåíòðàöèè ïîëèìåðíîé

äîáàâêè “Ôàåðñîðá”. Àíàëèç çàâèñèìîñòè ïîêà-

çûâàåò, ÷òî ñ ðîñòîì êîíöåíòðàöèè ïîëèìåðíîé äî-

áàâêè âÿçêîñòü ãèäðîãåëÿ ðåçêî âîçðàñòàåò. Ïîëó÷å-

íû òàêæå ýìïèðè÷åñêèå çàâèñèìîñòè ìàññû èñïà-

ðèâøåéñÿ æèäêîñòè îò âðåìåíè ïðè 150 °Ñ äëÿ âîäû,

ãèäðîãåëÿ ñ êîíöåíòðàöèåé ïîëèìåðíîé äîáàâêè

“Ôàåðñîðá” ñï = 1 % è ñï = 3 %. Àíàëèç ïîëó÷åííûõ

ðåçóëüòàòîâ ïîêàçàë, ÷òî ñ óâåëè÷åíèåì êîíöåíòðà-

öèè ïîëèìåðíîé äîáàâêè “Ôàåðñîðá”, ò. å. ñ ðîñòîì

âÿçêîñòè, ìàññà èñïàðèâøåãîñÿ ãèäðîãåëÿ çíà÷è-

òåëüíî óìåíüøàåòñÿ. Òàêèì îáðàçîì, âàðüèðóÿ êîí-

öåíòðàöèåé ãåëåîáðàçóþùåé äîáàâêè, ìîæíî ñóùå-

ñòâåííî ìåíÿòü âÿçêîñòü ãèäðîãåëÿ, ïðèäàâàÿ åìó

íåîáõîäèìûé êîìïëåêñ ñâîéñòâ.

Ïðîâåäåíà ñðàâíèòåëüíàÿ îöåíêà ýôôåêòèâíîñòè

èñïîëüçîâàíèÿ ãèäðîãåëåé è âîäû ïî èõ ðàñõîäó è

ïî òîëùèíå ãèäðîãåëåâûõ è âîäÿíûõ ïëåíîê. Ïîëó-

÷åíà çàâèñèìîñòü òîëùèíû ãèäðîãåëåâîé ïëåíêè íà

âåðòèêàëüíîé ñòåíêå îò ðàñõîäà ãèäðîãåëÿ, ïîäàâà-

Ïàðàìåòð

Parameter

Âîäà

Water

Ãèäðîãåëü ñ äîáàâêîé
“Ôàåðñîðá”

Hydrogel with additive
“Firesorb”

Ãèäðîãåëü
ñ áåòîíèòîì

ñä = 5 %

Hydrogel
with bentonite

ñadd = 5 %
ñï = 1 %

ñp = 1 %

ñï = 2 %

ñp = 2 %

Òîëùèíà ïëåíêè �, ìì � Film thickness �, mm 0,135 1,330 5,355 2,926

Ñêîðîñòü òå÷åíèÿ Vz ñð, ì�ñ � Flow rate Vz av , m�sec 5,97 5,79 1,44 2,75

Îáúåìíûé ðàñõîä æèäêîñòè â ñòåêàþùåé ïëåíêå Q, ì3�ñ

Volumetric flow rate of liquid in the flowing film Q, m3�sec 8,07·10–3 7,69·10–3 7,69·10–3 8,03·10–3

Êîýôôèöèåíò ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ãèäðîãåëÿ Kýô

The efficiency of hydrogel Kef
1,00 1,03 4,16 2,18

Òàáëèöà 2. Ýôôåêòèâíîñòü èñïîëüçîâàíèÿ âîäû è ãèäðîãåëåé � Table 2. Water and hydrogel efficiency
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åìîãî íà ýòó ñòåíêó, ñ ó÷åòîì åãî âÿçêîñòè è ïëîò-

íîñòè. Ïðåäëîæåí êîýôôèöèåíò ýôôåêòèâíîñòè èñ-

ïîëüçîâàíèÿ ãèäðîãåëÿ, õàðàêòåðèçóþùèé åãî ýêîíî-

ìè÷íîñòü ïî ðàñõîäó è èçîëèðóþùóþ ñïîñîáíîñòü

ãèäðîãåëåâîé ïëåíêè ïî åå òîëùèíå. Ïðîâåäåíà ñðàâ-

íèòåëüíàÿ îöåíêà ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ðàç-

ëè÷íûõ ãèäðîãåëåé ïî ðàñõîäó è ïî òîëùèíå ãèäðî-

ãåëåâûõ ïëåíîê ïðè òóøåíèè èç ïîæàðíîãî ðó÷íîãî

ñòâîëà ÐÑ-70. Óñòàíîâëåíî, ÷òî ïî ñðàâíåíèþ ñ âîäîé

(Kýô = 1,0) ýôôåêòèâíîñòü èñïîëüçîâàíèÿ âÿçêèõ ãèä-

ðîãåëåé â íåñêîëüêî ðàç áîëüøå (Kýô = 2,0…4,2).

Òàêèì îáðàçîì, ïðèìåíåíèå âÿçêèõ ãèäðîãåëåé

ÿâëÿåòñÿ ýôôåêòèâíûì ïðè òóøåíèè ïîæàðîâ êëàñ-

ñà À è ïîçâîëÿåò ñóùåñòâåííî ñíèçèòü ðàñõîä âîäû.

Âûâîäû

1. Ïðè÷èíîé íèçêîé ýôôåêòèâíîñòè âîäû ïðè

òóøåíèè ïîæàðîâ êëàññà À ÿâëÿåòñÿ åå áîëüøîé

ðàñõîä, îáóñëîâëåííûé íèçêîé âÿçêîñòüþ.

2. Ïîâûøåíèå ýôôåêòèâíîñòè èñïîëüçîâàíèÿ

âîäû ïðè òóøåíèè ïîæàðîâ ñâÿçàíî ñ ïðèìåíåíèåì

âÿçêèõ ãèäðîãåëåé ñ áîëüøèì ñîäåðæàíèåì âîäû.

Òîëñòûå ãèäðîãåëåâûå ïëåíêè íàäåæíî èçîëèðóþò

ãîðÿùèå ïîâåðõíîñòè îò èñòî÷íèêà íàãðåâà è äî-

ñòóïà êèñëîðîäà.

3. Äëÿ ôîðìèðîâàíèÿ âÿçêèõ ãèäðîãåëåé èñïîëü-

çóþò ðàçëè÷íûå íåîðãàíè÷åñêèå è îðãàíè÷åñêèå äî-

áàâêè, àäñîðáèðóþùèå âîäó. Âÿçêîñòü ãèäðîãåëÿ

èçìåíÿåòñÿ â øèðîêèõ ïðåäåëàõ â çàâèñèìîñòè îò

êîíöåíòðàöèè ãåëåîáðàçóþùåé äîáàâêè.

4. Ñ òå÷åíèåì âðåìåíè ïðè âûñîêîé òåìïåðàòóðå

ìàññà èñïàðèâøåãîñÿ ãèäðîãåëÿ óìåíüøàåòñÿ ñ ðîñ-

òîì åãî âÿçêîñòè.

5. Äëÿ êîëè÷åñòâåííîé îöåíêè ýôôåêòèâíîñòè èñ-

ïîëüçîâàíèÿ ãèäðîãåëÿ ââåäåí êîýôôèöèåíò ýôôåê-

òèâíîñòè, õàðàêòåðèçóþùèé åãî ýêîíîìè÷íîñòü ïî

ðàñõîäó è èçîëèðóþùóþ ñïîñîáíîñòü ãèäðîãåëåâîé

ïëåíêè ïî åå òîëùèíå.

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò îá ýô-

ôåêòèâíîñòè ïðèìåíåíèÿ â êà÷åñòâå îãíåòóøàùåé

æèäêîñòè âÿçêèõ ãèäðîãåëåé ïðè òóøåíèè ãîðÿùèõ

òâåðäûõ âåùåñòâ.
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